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(54) SWITCHING POWER CIRCUIT 



(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent abnormal operation of a switching 
element. 

SOLUTION: The clamp circuit of the resonance-type converter of a self- 
excitating system is formed by connecting a clamp diode DD and a resistor RD 
in series, thus expanding the reverse recovery period of the clamp diode DD, 
after a damper period is completed when a switching element is turned on, 
obtaining a drive current for turning on the switching element within reverse 
recovery time trr, and hence preventing abnormal switching operation from being 
generated even in stable operation or under the conditions of a heavy load and a 
low-AC input voltage. 
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CLAIMS 
[Claim(s)] 



[Claim 1] A switching means to be equipped with a switching element, and to be 



intermittent and to output the inputted direct-current input voltage, The insulating 
converter transformer which transmits the output of the above-mentioned 
switching means to secondary, The self-oscillation drive circuit which forms the 
above-mentioned switching means and carries out the switching drive of the 
switching element by the self-excitation type, By connecting a secondary 
resonance capacitor to the upstream resonance circuit inserted by [ as making 
actuation of the above-mentioned switching means into a resonance form ], and 
the secondary winding of the above-mentioned insulating converter transformer 
The leakage inductance component of the secondary winding of the 
above-mentioned insulating converter transformer, The secondary resonance 
circuit which forms a resonance circuit with the capacitance of the 
above-mentioned secondary resonance capacitor, The direct-current output 
voltage generation means constituted so that the alternation electrical potential 
difference obtained by the above-mentioned secondary winding might be 
inputted, half-wave rectification actuation or full-wave-rectification actuation 
might be performed and secondary direct-current output voltage might be 
obtained, The constant-voltage control means it is made to have 
constant-voltage control performed according to the voltage level obtained by 
secondary by carrying out adjustable [ of the switching frequency of the 
above-mentioned switching element ], The switching power supply circuit 



characterized by being formed of the series connection of a diode component 
and a resistance element, equipping the reverse recovery time of the 
above-mentioned diode component with the lengthened clamping circuit, and 
constituting it at least. 

[Claim 2] The switching power supply circuit according to claim 1 characterized 
by connecting a ferrite bead inductor to juxtaposition to the resistance element of 
the above-mentioned clamping circuit. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the switching power supply 
circuit with which various electronic equipment is equipped as a power source. 
[0002] 

[Description of the Prior Art] As a switching power supply circuit, what adopted 
the switching converter of the format of for example, a flyback converter, a 
forward converter, etc. is known widely. Since a switching operation wave is a 
square wave-like, as for these switching converters, there is a limitation in 



control of a switching noise. Moreover, it turns out on the operating characteristic 
that there is a limitation also in improvement in power conversion effectiveness. 
Then, the various proposals of the switching power supply circuit by various 
resonance form converters are previously made by these people. While high 
power conversion effectiveness is acquired easily, as for a resonance form 
converter, a low noise is realized because a switching operation wave becomes 
sine wave-like. Moreover, it also has the merit that a small number of 
components mark can constitute comparatively. 

[0003] The circuit diagram of drawing 9 shows an example of the switching 
power supply circuit as advanced technology which can be constituted based on 
invention which these people proposed previously. This power circuit is the 
switching element Q1 of one stone. It has, and it has the voltage resonance form 
converter which performs switching operation by the self-excitation type, and 
consists of so-called single end methods. 

[0004] In the power circuit shown in this drawing, it has the full wave rectifier 
circuit which consists of a bridge rectifier circuit Di and a smoothing capacitor Ci 
as a rectification smoothing circuit for inputting a commercial alternating current 
power source (alternating current input voltage VAC), and obtaining 
direct-current input voltage, and the rectification smooth electrical potential 
difference Ei corresponding to the input voltage VAC 1 time the level of an 



alternating current is generated. Moreover, he is trying to control the rush current 
which the rush current limit resistance Ri is inserted to that rectified-current path, 
for example, flows into a smoothing capacitor at a power up to this rectification 
smoothing circuit. 

[0005] The switching converter of the voltage resonance form with which this 
power circuit is equipped is the switching element Q1 of one stone. The 
configuration of the self-excitation type which it had is taken, in this case, 
switching element Q1 **** - the bipolar transistor (BJT; junction type transistor) 
of high pressure-proofing is adopted. 

[0006] Switching element Q1 The base is a starting resistance RS. It minds, 
connects with the positive-electrode side of a smoothing capacitor Ci 
(rectification smooth electrical potential difference Ei), and the base current at 
the time of starting is made to be acquired from rectification smooth Rhine. 
Moreover, switching element Q1 Between the base and an upstream ground, 
they are the detection drive winding NB, a resonant capacitor CB, and the base 
current-limiting resistance RB. The series resonant circuit for a self-oscillation 
drive which consists of a series connection circuit is connected. Moreover, 
switching element Q1 Clamp diode DD inserted between the base and the 
negative electrode (primary side grounds) of a smoothing capacitor Ci Switching 
element Q1 The path of clamp current of flowing at the time of OFF is formed, 



and it is a switching element Q1. A collector is the primary winding N1 of the 
insulating converter transformer PIT. It connects with an end and an emitter is 
grounded. 

[0007] Moreover, the above-mentioned switching element Q1 The parallel 
resonance capacitor Cr is connected to juxtaposition to between collector 
emitters. This parallel resonance capacitor Cr is own capacitance and the 
leakage inductance L1 by the side of the primary winding N1 of the insulating 
converter transformer PIT mentioned later. The upstream parallel resonant 
circuit of a voltage resonance form converter is formed. And although detailed 
explanation is omitted here, it is a switching element Q1. At the time Of OFF, 
according to an operation of this parallel resonant circuit, the both-ends electrical 
potential difference Vcr of a resonant capacitor Cr serves as sine wave-like 
pulse shape in fact, and actuation of a voltage resonance form is obtained. 
[0008] The rectangular mold control transformer PRT shown in this drawing is 
the detection coil ND, a drive winding NB, and a control winding NC. It is the 
looped-around saturable reactor. This rectangular mold transformer PRT is a 
switching element Q1. While driving, it is prepared for constant-voltage control. 
As structure of this rectangular mold control transformer PRT, although 
illustration is omitted, as it joins the edge of the mutual magnetic leg of the 
character type core of two DABURUKO which has four magnetic legs, it forms a 



solid mold core. And they are the detection coil ND and a drive winding NB to the 
same winding direction to two predetermined magnetic legs of this solid mold 
core. It loops around and is a control winding NC further. The above-mentioned 
detection coil ND and drive winding NB It receives, loops around in the direction 
which intersects perpendicularly, and is constituted. 

[0009] In this case, detection coil ND of the rectangular mold control transformer 
PRT The positive electrode of a smoothing capacitor Ci, and primary winding N1 
of the insulating converter transformer PIT It is inserted in a serial in between, 
and is a switching element Q1. A switching output is a primary winding N1. It 
minds and is the detection coil ND. It is transmitted, the rectangular mold control 
transformer PRT -- setting -- detection coil ND the obtained switching output — 
transformer coupling - minding - drive winding NB being excited -- it is - drive 
winding NB **** - the alternation electrical potential difference as a drive 
electrical potential difference occurs. This drive electrical potential difference is 
the series resonant circuit (NB and CB) which forms a self-oscillation drive circuit 
to the base current-limiting resistance RB. It minds and is a switching element 
Q1 as a drive current. It is outputted to the base. Thereby, it is a switching 
element Q1. Switching operation will be performed on the switching frequency 
determined with the resonance frequency of a series resonant circuit (NB and 
CB). 



[0010] The insulating converter transformer PIT is a switching element Q1. The 
insulating converter transformer PIT which transmits a switching output to 
secondary As shown in drawing 10 , have EE mold core which combined E mold 
cores CR1 and CR2 by ferrite material so that a mutual magnetic leg might 
counter, and the central magnetic leg of this EE mold core is received. The 
division bobbin B is used and it is a primary winding N1. Secondary winding N2 
The condition of having divided, respectively is looped around. And as shown in 
drawing, he is trying to form a gap G to a central magnetic leg. The loose 
coupling by the necessary coupling coefficient is made to be obtained by this. A 
gap G can form the central magnetic leg of E mold cores CR1 and CR2 by 
forming shorter than two outer magnet feet. Moreover, he is trying to acquire the 
condition of a loose coupling called k**0.85 as a coupling coefficient k, for 
example, and it is hard to acquire the part and a saturation state. 
[0011] Primary winding N1 of the above-mentioned insulating converter 
transformer PIT An end is a switching element Q1. An other end side is the 
detection coil ND, as [ it connects with a collector and ] shown in drawing. It 
connects with the positive electrode (rectification smooth electrical potential 
difference Ei) of a smoothing capacitor Ci through the series connection. 
[0012] At secondary [ of the insulating converter transformer PIT ], it is a primary 
winding N1. The alternation electrical potential difference by which induction was 



carried out is a secondary winding N2. It generates. In this case, secondary 
winding N2 It receives and is the secondary parallel resonance capacitor C2. It is 
connecting with juxtaposition and is a secondary winding N2. Leakage 
inductance L2 Secondary parallel resonance capacitor C2 A parallel resonant 
circuit is formed of capacitance. By this parallel resonant circuit, it is a secondary 
winding N2. The alternation electrical potential difference excited turns into 
resonance voltage. That is, voltage resonance actuation is obtained in 
secondary. 

[0013] That is, in this power circuit, the upstream is equipped with the parallel 
resonant circuit for making switching operation into a voltage resonance form, 
and secondary is equipped with the parallel resonant circuit for obtaining 
half-wave rectification actuation (voltage resonance actuation). In addition, on 
these specifications, it will also be called a "compound resonance form switching 
converter" about the switching converter of a configuration of having a 
resonance circuit and operating to the upstream and secondary, in this way. 
[0014] the above - the secondary parallel resonant circuit formed by making it 
like -- receiving - secondary winding N2 After receiving and preparing a tap, it is 
connecting rectifier diodes D01 and D02 and smoothing capacitors C01 and 
C02, as shown in drawing, and 2 sets of half wave rectifier circuits by the group 
of [rectifier-diode D01, smoothing capacitor C01] and the group of 



[rectifier-diode D02, smoothing capacitor C02] are prepared. The half wave 
rectifier circuit which consists of the group of [rectifier-diode D01, smoothing 
capacitor COI] inputs the resonance voltage supplied from a secondary parallel 
resonant circuit, generates the direct-current output voltage E01, and the half 
wave rectifier circuit which consists of [rectifier-diode D02, smoothing capacitor 
C02] inputs similarly the resonance voltage supplied from a secondary parallel 
resonant circuit, and it generates the direct-current output voltage E02 for it. In 
addition, in this case, also to a control circuit 1, the direct-current output voltage 
E01 and the direct-current output voltage E02 branch, and are inputted. In a 
control circuit 1, the direct-current output voltage E01 is used as a detection 
electrical potential difference, and the direct-current output voltage E02 is used 
as a power source of a control circuit 1 of operation. 

[0015] By the way, it sets to the insulating converter transformer PIT, and they 
are a primary winding N1 and a secondary winding N2. By the relation between 
a polarity (the direction of a volume), and connection of rectifier-diode DO (D01, 
D02), it is a primary winding N1. Inductance L1 Secondary winding N2 
Inductance L2 It may be set to the case where it is set to +M, and -M, about 
mutual-inductance M. For example, when taking the topology shown in drawing 
11 (a), a mutual inductance is set to +M, and a mutual inductance is set to -M 
when taking the topology shown in drawing 1 1 (b). If this is made to correspond 



to the secondary actuation shown in drawing 9 , it is related with the half wave 
rectifier circuit by the group of [rectifier-diode D01, smoothing capacitor C01]. 
For example, secondary winding N2 When the alternation electrical potential 
difference obtained is straight polarity, the rectified current flows to rectifier-diode 
DOI, and the mode of operation (forward method) of +M is performed to it. On 
the contrary, secondary winding N2 When the alternation electrical potential 
difference obtained is negative polarity, rectifier-diode DOI serves as OFF, and 
the rectified current will not flow. That is, in this power circuit, the mutual 
inductance is performing rectification actuation with the mode of +M. 
[0016] With such a configuration, the power which power is supplied to the load 
side increased by the operation of the parallel resonant circuit of the upstream 
and a secondary parallel resonant circuit, and is supplied so much to a load side 
also increases, and the rate of increase of maximum load power also improves. 
This is realized by having acquired the condition of being further hard to be in a 
saturation state by having formed the gap G to the insulating converter 
transformer PIT, and having considered as the loose coupling by the necessary 
coupling coefficient, as drawing 11 explained previously. For example, when a 
gap G is not formed to the insulating converter transformer PIT, possibility that 
the insulating converter transformer PIT will be in a saturation state, and 
actuation will become unusual at the time of flyback actuation is high, and it is 



difficult to want the half-wave rectification actuation mentioned above to be 
performed proper. 

[0017] In a control circuit 1, it responds to change of secondary direct-current 
output voltage level (E01), and is a control winding NC. Drive winding NB 
around which the rectangular mold control transformer PRT was looped by 
carrying out adjustable [ of the control current (direct current) level to pass ] 
Inductance LB Adjustable control is carried out. Thereby, it is a drive winding NB. 
Inductance LB Switching element Q1 formed by containing The resonance 
conditions of the series resonant circuit in the self-oscillation drive circuit of a 
sake change. This is a switching element Q1 so that drawing 9 may explain 
below. Although it becomes the actuation which carries out adjustable [ of the 
switching frequency ], secondary direct-current output voltage is stabilized by 
this actuation. 

[0018] Here, as it was shown in drawing 9 , it is a drive winding NB. Inductance 
LB It hits carrying out adjustable [ of the switching frequency ], when the 
rectangular mold control transformer PRT of an adjustable control structure is 
formed, and is a switching element Q1. Period TOFF which becomes off It is 
made to carry out adjustable control of the period TON used as ON, in being 
fixed. That is, in this power circuit, it can be concluded that resonant impedance 
control to a switching output is performed, and it can come by operating as 



constant-voltage control action so that adjustable control of the switching 
frequency may be carried out, simultaneously conduction angle control (PWM 
control) of the switching element in a switching period is also performed. And 1 
set of control circuit systems have realized this complex control action. 
[0019] Drawing 13 is the wave form chart showing actuation of the important 
section in the switching period of the circuit shown in above-mentioned drawing 
9 , and is made into the wave at the time of operational stability, the series 
resonant circuit (NB and CB) as a self-oscillation drive circuit - drive winding NB 
performing resonance actuation with the obtained alternation electrical potential 
difference — base current-limiting resistance RB Minded series resonance 
current IO ****** - as shown in drawing 13 (e), a wave is acquired for the shape 
of a sine wave, and this series resonance current IO For example, clamp diode 
DD from — current ID of flowing drawing 13 (f) being compounded - switching 
element Q1 Base current (drive current) IB as shown in the base at drawing 13 
(d) It flows. This drive current IB Switching element Q1 Switching operation is 
performed. This drive current IB Switching element Q1 controlled As collector 
current Icp, the wave shown in drawing 13 (b) is acquired. Moreover, in the both 
ends of the parallel connection circuit of switching element Q1// parallel 
resonance capacitor Cr, the parallel resonance electrical potential difference 
Vcp as shown in drawing 13 (a) occurs according to an operation of a parallel 



resonant circuit. This parallel resonance electrical potential difference Vcp is a 
switching element Q1, as shown in drawing. The period TON used as ON is the 
period TOFF which is 0 level and becomes off. The wave which sets and serves 
as a sine wave-like pulse is acquired, and the actuation as a voltage resonance 
form is supported. Moreover, it is Period TOFF as it is shown in the parallel 
resonance capacitor Cr at drawing 13 (c). It sets and the sine wave-like parallel 
resonance current Icr flows. 

[0020] Here, it is a switching element Q1. It sets at the period TON used as ON, 
and is the series resonance current IO of drawing 13 (e). The field (period T1) of 
a forward current is the drive current IB of drawing 13 (d). It corresponds to the 
field of a forward-bias current. Moreover, it sets at the same period TON and is 
the series resonance current IO. The field (T2) of a negative current is the drive 
current IB. It becomes a hard flow bias current. In addition, drive current IB in this 
period TON The field of a hard flow bias current is a switching element Q1. 
Storage time tstg It becomes. 

[0021] Switching element Q1 Clamp diode DD of the low speed which 
lengthened reverse recovery time trr to predetermined between base-emitters It 
connects, switching element Q1 Period TOFF which becomes off **** — drawing 
13 (e) — being shown - making -- series resonance current IO Clamp diode DD 
-> base current-limiting resistance RB -> resonant capacitor CB -> drive winding 



NB It minds and flows. And next, if Period TON is started, an absorber period 
comes immediately and the charge and discharge energy of the parallel 
resonance capacitor Cr is the absorber current ID. It carries out and is the clamp 
diode DD -> switching element Q1. Base -> it flows through a collector. In this 
case, absorber current ID Level is 2.3Ap(s) as shown in drawing 13 (f). It 
becomes. After the above-mentioned damper period expires, it is a clamp diode 
DD. It becomes the field of reverse recovery time trr. It sets to this reverse 
recovery time trr, and is a clamp diode DD. It is in the condition of a flow. And it 
sets to this reverse recovery time trr, and is the drive current IB. It increases and 
is a switching element Q1. When the amount only of currents set to ON is 
obtained, it is a switching element Q1. It becomes ON. However, when this 
reverse recovery time trr is started, it sets. Even if the drive current IB (base 
current) of drawing 13 (d) is reversed to a forward polarity, it is a switching 
element Q1. Since a current is not supplied to the base in fact, Switching, 
element Q1 It is not turned on [ ** ] immediately but they are next and a switching 
element Q1. Base current level is a switching element Q1. It is reaching the level 
which is sufficient for making it flow, and is a switching element Q1 at a certain 
timing. It changes to an ON state. 
[0022] 

[Problem(s) to be Solved by the Invention] Here, in drawing 12 , they are the 



parallel resonance electrical potential difference Vcp of the upstream, collector 
current Icp, and the drive current IB. The wave of operation is shown. Actuation 
on the conditions at the time of maximum load power is shown to drawing 12 (a), 

(b) , and (c) by alternating current input voltage VAC=60V, and actuation on the 
conditions at the time of maximum load power is shown to drawing 12 (d), (e), 
and (f) by alternating current input voltage VAC=80V. 

[0023] First, although period T3 in drawing 12 (a), (b), and (c) corresponds to a 
damper period as actuation under alternating current input voltage VAC=60V 
and the conditions at the time of maximum load power and period T four 
supports reverse recovery time trr Thus, as heavy loading shows to drawing 12 

(c) on the conditions that alternating current input voltage is low, it is the drive 
current IB. It is not reversed to a forward polarity in period T four (reverse 
recovery time trr). That is, clamp diode DD It sets in reverse recovery time trr, 
and is a switching element Q1. It receives and is the drive current IB of the 
forward direction. In order not to flow, it is a switching element Q1. It does not 
become ON. For this reason, as switching operation, it becomes abnormality 
actuation. As such abnormality actuation is shown in drawing 12 (b), the noise of 
the RF as a parasitic oscillation is overlapped to the collector current Icp just 
behind period T four, and in connection with this, it appears as a phenomenon 
which a pulse noise generates so that it may be shown as a parallel resonance 



electrical potential difference Vcp of drawing 12 (a). 

[0024] And this abnormality actuation is further expanded the condition at the 
time of maximum load power by alternating current input voltage VAC=80V. As 
shown in drawing 12 (f), it sets in period T four (reverse recovery time trr), and 
this is the drive current IB. Reverse current level increases, reverse recovery 
time trr is completed, and it is a switching element Q1 . It receives and is the drive 
current IB of the forward direction. Although it is a short period of time when it 
should flow, it is the drive current IB of hard flow. In order to flow, the amplitude 
of the noise superimposed on the collector current Icp shown in drawing 12 (e) 
increases. And in connection with this, the level of the pulse noise of the parallel 
resonance electrical potential difference Vcp shown in drawing 12 (d) also 
becomes large. 

[0025] Since the phenomenon as the above-mentioned abnormality actuation is 
mitigated and it corresponds to the conditions of heavy loading, if it considers as 
the actual condition of the circuit shown in drawing 9 , it is the secondary parallel 
resonance capacitor C2. He is trying for capacitance to select a bigger value 
than the value made the optimal originally so that a necessary maximum load 
power value may be acquired. However, secondary parallel resonance capacitor 
C2 of the capacitance made the optimal in this case originally As compared with 
the case where it selects, it sets in the circuit shown in drawing 9 , and is a 



primary winding N1. The flowing upstream resonance current 11 Secondary 
winding N2 The flowing secondary resonance current 12 Power loss increases 
by increasing. 

[0026] Moreover, even if it is at the stationary actuation time in the configuration 
of the circuit shown in drawing 9 described until now, as it will be shown in 
drawing 13 (c), on the upstream parallel resonance current Icr, the noise as a 
parasitic oscillation will occur in the initiation period within Period TON. 
According to this, although it is small, a noise arises also on the parallel 
resonance electrical potential difference Vcp which is a switching pulse. 
Moreover, drive current IB shown in drawing 13 (d) It is Period TOFF even if it 
attaches. In an inner initiation period, parasitic oscillation occurs too. 
[0027] 

[Means for Solving the Problem] Then, this invention is constituted as follows as 
a switching power supply circuit in consideration of the above-mentioned 
technical problem. That is, a switching means to be equipped with a switching 
element, and to be intermittent and to output the inputted direct-current input 
voltage, The insulating converter transformer which transmits the output of this 
switching means to secondary, The self-oscillation drive circuit which forms the 
above-mentioned switching means and carries out the switching drive of the 
switching element by the self-excitation type, By connecting a secondary 



resonance capacitor to the upstream resonance circuit inserted by [ as making 
actuation of a switching means into a resonance form ], and the secondary 
winding of an insulating converter transformer The secondary resonance circuit 
which forms a resonance circuit with the leakage inductance component of the 
secondary winding of an insulating converter transformer, and the capacitance 
of a secondary resonance capacitor, The direct-current output voltage 
generation means constituted so that the alternation electrical potential 
difference obtained by the secondary winding might be inputted, half-wave 
rectification actuation or full-wave-rectification actuation might be performed and 
secondary direct-current output voltage might be obtained, The constant-voltage 
control means it is made to have constant-voltage control performed by carrying 
out adjustable [ of the switching frequency of a switching element ] according to 
the voltage level obtained by secondary, at least - the series connection of a 
diode component and a resistance element -- it is formed, and the clamping 
circuit lengthened in the reverse recovery time of the above-mentioned diode 
component is had and constituted. 

[0028] As a clamping circuit, to a diode component, series connection of the 
resistance element will be carried out, and, according to the above-mentioned 
configuration, it will be formed. Since the reverse recovery time of the diode 
component which constitutes the clamping circuit from considering as such a 



configuration is expandable, it becomes possible to acquire the drive current of 
the forward direction for turning on a switching element in this reverse recovery 
time. 
[0029] 

[Embodiment of the Invention] The circuit diagram of drawing 1 shows the 
configuration of the power circuit as a gestalt of operation of this invention. In 
addition, in this drawing, the same sign is given to the same part as drawing 9 , 
and explanation is omitted. As a power circuit of the gestalt of this operation 
shown in this drawing 1 , it is a switching element Q1. Clamp diode DD 
connected to the base It is Resistance RD to an anode side. It considers as the 
connected configuration. Namely, clamp diode DD An anode is Resistance RD. 
It is Resistance RD so that it may connect with an upstream ground through 
series connection. It inserts into a circuit. 

[0030] The wave of operation by the switching period of the power circuit of 
drawing 1 by such configuration is shown in drawing 3 . The wave of operation 
shown in this drawing is acquired by alternating current input voltage VAC=100V 
at the time of operational stability on the conditions at the time of maximum load 
power. 

[0031] Here, it is a switching element Q1. It becomes being almost the same as 
that of the wave previously shown in drawing 13 (a) and (b) as collector current 



Icp shown in the upstream parallel resonance electrical potential difference Vcp 
which is obtained in connection with switching operation, and which is shown in 
drawing 3 (a), and drawing 3 (b). 

[0032] this case — the series resonant circuit (NB and CB) as a self-oscillation 
drive circuit - drive winding NB performing resonance actuation with the 
obtained alternation electrical potential difference -- base current-limiting 
resistance RB Series resonance current IO of the shape of a sine wave as 
minded and shown in drawing 3 (e) it obtains - having - switching element Q1 
Period TOFF which becomes off **** -- it flows to a negative direction (the 
direction of a self-oscillation drive circuit). Next, when Period TON is started, an 
absorber period comes immediately and it is a switching element Q1. Absorber 
current ID as shown in drawing 3 (f) through a base-collector Although it flows 
the circuit of the gestalt of this operation -- clamp diode DD between an anode 
and upstream grounds — resistance RD Damper current ID since series 
connection is carried out ****** - The level is 1.5Ap(s). Level 2.3Ap of the 
absorber current ID which it became and was shown in drawing 13 (f) It 
compares and falls. 

[0033] And clamp diode DD after a damper period expires Although it becomes 
reverse recovery time trr, it is a clamp diode DD in this case. Resistance RD by 
which series connection is carried out Clamp diode DD The flowing reverse 



current is controlled and it is a clamp diode DD. The reverse recovery time trr 
which is a period until it is intercepted was expanded seemingly. For example, 
clamp diode DD which has the same reverse-recovery-time property for the 
circuit shown in drawing 9 , and the circuit shown in drawing 1 When constituted, 
reverse recovery time trr becomes 3 microseconds in the circuit which **1**(ed) 
to reverse recovery time trr becoming 1.2 microseconds in the circuit shown in 
drawing 9 . That is, clamp diode DD of the circuit shown in drawing 1 Reverse 
recovery time trr is seemingly expanded only for 1.8 microseconds, and is long. 
[0034] Thus, clamp diode DD By lengthening reverse recovery time trr, as the 
gestalt of this operation shows to drawing 3 (d), it is the drive current IB. It is a 
clamp diode DD, without taking a negative field. It sets within the reverse 
recovery period trr, and is a switching element Q1. It receives and is the drive 
current IB to the forward direction. It becomes possible to pass. 
[0035] Thereby, it becomes what is shown in drawing 3 (c), it sets at the time of 
stationary actuation, and the wave of the upstream parallel resonance current Icr 
is 0.5Ap at the initiation time within Period TON. It has not been said that the 
output of level only occurs slightly, and a noise generates the noise by parasitic 
oscillation as shown in the upstream parallel resonance current Icr at drawing 13 
(c) on the parallel resonance electrical potential difference Vcp for this reason, 
without generating. Moreover, drive current IB shown in drawing 3 (d) Period 



TOFF The noise by the parasitic oscillation shown in drawing 13 (d) at the 
initiation time does not occur. 

[0036] Moreover, they are the parallel resonance electrical potential difference 
Vcp of the upstream, collector current Icp, and the drive current IB to drawing 2 
(a), (b), (c), drawing 2 (d) and (e), and (f). A wave of operation is shown. Here, 
the actuation at the time of maximum load power is shown to drawing 2 (a), (b), 
and (c) by alternating current input voltage VAC=80V, and the actuation at the 
time of maximum load power is shown to drawing 2 (d), (e), and (f) by alternating 
current input voltage VAC=60V. 

[0037] Even when damper period T3 was completed as shown, for example in 
drawing 2 (c) or drawing 2 (f) even if it was the conditions which serve as the 
time of low input voltage by such heavy loading, it is the drive current IB. It sets 
in period T four made into reverse recovery time trr since a negative current field 
is not taken, and is the drive current IB. Switching element Q1 It is set to the 
level which can be turned on. Namely, switching element Q1 It becomes normal 
actuation and will go into the regulation range. Thereby, it is a switching element 
Q1. The switching operation then stabilized is obtained. Thus, clamp diode DD 
[ in reverse recovery time trr ] Drive current IB of forward level If it carries out for 
obtaining, to the collector current Icp shown, for example in drawing 2 (b) and (e) 
It does not generate, and in connection with this, as the noise pulse of the 



parallel resonance electrical potential difference Vcp which had appeared at 
Period TON also shows the noise of the collector current Icp shown in drawing 
12 (b) and (e) to drawing 2 (a) and (d), it does not generate it in them. 
[0038] Although reverse recovery time trr was sorted out about the clamp diode 
DD in the power circuit shown as a result, for example, drawing 9 , in order to 
avoid generating of a noise shown in the abnormality actuation explained by 
drawing 12 , or drawing 13 , according to the gestalt of this operation, it enables 
the sorting range of that reverse recovery time trr to expand. Thereby, 
improvement in manufacture efficiency, such as parts control, is achieved. 
[0039] Moreover, under the circuitry shown in drawing 9 as a comparison with 
the circuit shown in drawing 1 as a gestalt of this operation, and the circuit 
shown in drawing 9 When base current-limiting resistance RB =1ohm and 2 = 
0.019 micro F of secondary parallel resonance capacitors C are selected, It 
became upstream resonance current 11 =5.8 Ap-p, collector current lcp=3.3Ap, 
and secondary resonance current 12 =8 Ap-p, and the result of input power 
Pin=166.5W was obtained. On the other hand, under a configuration of having 
been shown in drawing 1 , base current-limiting resistance RB =0.68ohm, 
resistance RD =4.7ohm, and 2 = 0.014 micro F of secondary parallel resonance 
capacitors C can be selected. Here, the value as 2 = 0.014 micro F of secondary 
parallel resonance capacitors C is the secondary parallel resonance capacitor 



C2. It is the value which carries out and is made proper originally. Thus, they are 
upstream resonance current 11=4.7 Ap-p, collector current lcp=3.0 Ap-p, and 
secondary resonance current 12 =7.0 Ap-p under the actuation explained by 
above-mentioned drawing 2 and drawing 3 when components were selected. It 
became and the result of input power Pin=165.5W was obtained. 
[0040] That is, it compares with the case of the circuit shown in drawing 9 , and 
is the upstream resonance current 11 at the gestalt of this operation. And the 
secondary resonance current 12 Current level is controlled and reduction of 
about [ 1W ] power loss is achieved as a result. Moreover, the maximum load 
power which can respond with this In the circuit of the gestalt of this operation, it 
is the secondary parallel resonance capacitor C2 to having been about 150W at 
the time of alternating current input voltage VAC=80V. By considering as proper 
electrostatic capacity It becomes possible to carry out 35W grade expansion by 
alternating current input voltage VAC=80V, and to pull up even to about 185 W, 
and the increment in about 23% of maximum load power is achieved. 
[0041] Then, the configuration of the power circuit of the gestalt of this operation 
as the 1st modification is first shown in drawing 4 as explaining the modification 
of the power circuit of the gestalt of this operation henceforth. In addition, in this 
drawing, the same sign is given to the same part as drawing 1 and drawing 9 , 
and explanation is omitted, the power circuit shown in this drawing — clamp 



diode DD an anode and an upstream ground — ** — resistance RD inserted in 
between receiving -- ferrite bead inductor LD The point linked to juxtaposition 
differs from the power circuit shown in drawing 1 . In this case, clamp diode DD 
Resistance RD inserted between the anode and the upstream ground It 
functions as controlling the parasitic oscillation of the upstream parallel 
resonance current Icr, and is this resistance RD. Ferrite bead inductor LD by 
which parallel connection was carried out Clamp diode DD Expansion of reverse 
recovery time trr is achieved. In addition, ferrite bead diode LD It considers as 
the components of small size comparatively, and also let the inductance value 
be a small thing. 

[0042] The wave of operation by the switching period of such a power circuit is 
shown in drawing 5 . In addition, the wave of operation shown in this drawing is 
acquired by alternating current input voltage VAC=100V at the time of 
operational stability on the conditions at the time of maximum load power. Also 
in this case, it is a switching element Q1. It becomes being almost the same as 
that of the wave previously shown in drawing 1 as the parallel resonance 
electrical potential difference Vcp of the upstream of drawing 5 (a) obtained in 
connection with switching operation, and collector current Icp of drawing 5 (b). 
Moreover, series resonance current IO It becomes a wave as shown in drawing 
5 (e). And switching element Q1 When the period TON used as ON is started, it 



is a switching element Q1 . Damper current ID as shown in drawing 5 (g) through 
a base-collector Although it will flow In this case, clamp diode DD It is 
Resistance RD between an anode and an upstream ground. It is the ferrite bead 
inductor LD to juxtaposition. It is connecting and is this ferrite bead inductor LD. 
By the inductance, it is the damper current ID. It decreases gradually. 
[0043] Thus, ferrite bead inductor LD Damper current ID Clamp diode DD which 
includes a damper period when it is made to decrease gradually As the apparent 
reverse recovery time trr is shown in drawing 5 (g), it becomes possible to be 
expanded even to 3.5 microseconds and to lengthen. 

[0044] Thus, clamp diode DD Drive-by lengthening period as reverse recovery 
time trr current IB within reverse recovery time trr Since a negative field is not 
taken as shown in drawing 5 (d) as a wave, it is a clamp diode DD also in this 
case. It sets in reverse recovery time trr, and is a switching element Q1. It 
receives and is the drive current IB of the forward direction. It becomes what has 
possible passing. 

[0045] Moreover, resistance RD Flowing current IR It becomes the wave shown 
in drawing 5 (f), and it is this resistance RD. While a noise is controlled by the 
parasitic oscillation generated on the upstream parallel resonance current Icr 
shown in drawing 5 (c) compared with the noise by the parasitic oscillation 
shown at drawing 13 (c), as it is shown in drawing 5 (d), it is the drive current IB. 



Control of the noise by the parasitic oscillation to generate is achieved. 
[0046] Moreover, although illustration is omitted since it becomes the actuation 
almost same as actuation of the circuit shown in drawing 4 in the case of 
considering as the conditions used as the time of the low input voltage at the 
time of heavy loading as what was previously shown in drawing 2 , the noise 
pulse of the parallel resonance electrical potential difference Vcp which a noise 
did not occur in collector current Icp in this case, and had appeared in 
connection with this at Period TON is not generated, either. 
[0047] Under a configuration of having been shown in such drawing 4 , if base 
current-limiting resistance RB =0.68ohm, resistance RD =4.7ohm, and ferrite 
bead inductor LD =1.1 microhenry are selected, the result of input power 
Pin=164.5W will be obtained, and reduction of about [ 2W ] power loss will be 
attained compared with the circuit shown in drawing 9 explained previously. For 
this, the circuit shown in drawing 1 is Resistance RD. Clamp diode DD The 
function for aiming at expansion of reverse recovery time trr, The upstream 
parallel resonance current Icr and drive current IB To having tried for parasitic 
oscillation not to occur in the circuit shown in drawing 4 Small ferrite bead 
inductor LD of power loss Clamp diode DD Since he is trying to aim at expansion 
of reverse recovery time trr, even if it compares with the circuit shown in drawing 
1_ , the fall of power loss is achieved only for the part. 



[0048] Moreover, as secondary [ of the power circuit of the gestalt of this 
operation ], as shown in drawing 1 , it is not limited to the configuration of a 
secondary parallel resonant circuit and a half wave rectifier circuit. Then, the 
secondary configuration as the 2nd - the 4th modification is shown in drawing 6 - 
drawing 8 . In addition, let the configuration of the upstream be a thing that it is 
the same as that of drawing 1 , and good in these drawing 6 - drawing 8 . 
Moreover, the same sign is given to the same part as drawing 1 , drawing 4 , and 
drawing 9 , and explanation is omitted. 

[0049] The secondary configuration as the 2nd modification is shown in drawing 
6 . It also sets to secondary [ which is shown in this drawing ], and is a secondary 
winding N2. It receives and is the secondary parallel resonance capacitor C2. A 
parallel resonant circuit is formed in secondary by having. And it is a secondary 
winding N2 in this case. After receiving and preparing a center tap, 2 sets of full 
wave rectifier circuits by the group of [rectifier diodes DOI and D02 and 
smoothing capacitor COI] and the group of [rectifier diodes D03 and D04 and 
smoothing capacitor C02] are prepared by connecting rectifier diodes DOI, 
D02, D03, and D04 and smoothing capacitors COI and C02, as shown in 
drawing. The full wave rectifier circuit which consists of [rectifier diodes DOI and 
D02 and smoothing capacitor COI] inputs the resonance voltage supplied from 
a secondary parallel resonant circuit, generates the direct-current output voltage 



E01 , and the full wave rectifier circuit which consists of [rectifier diodes D03 and 
D04 and smoothing capacitor C02] inputs similarly the resonance voltage 
supplied from a secondary parallel resonant circuit, and it generates the 
direct-current output voltage E02 for it. 

[0050] If such a configuration is checked with the secondary rectification 
actuation previously explained by drawing 11 For example, secondary winding 
N2 The actuation in which the rectified current flows to rectifier-diode DOI (D03) 
when the alternation electrical potential difference obtained is straight polarity It 
can be regarded as the mode of operation (forward method) of +M as drawing 
11 (a). On the contrary, secondary winding N2 It can be concluded that the 
actuation in which the rectified current flows to rectifier-diode D02 (D04) when 
the alternation electrical potential difference obtained is negative polarity is the 
mode of operation (flyback method) of -M shown in drawing 11 (b). That is, in 
this power circuit, whenever the alternation electrical potential difference 
obtained by the secondary winding serves as forward/negative one, a mutual 
inductance will operate in the mode of +M/-M. 

[0051] The secondary configuration as the 3rd modification is shown in drawing 
7 . It also sets to secondary [ which is shown in this drawing ], and is a secondary 
winding N2. It receives and is the secondary parallel resonance capacitor C2. 
When a secondary parallel resonant circuit shall be formed by having, it is the 



secondary coil N2. He is trying to obtain the secondary output voltage E01 by 
having the rectification smoothing circuit which receives and consists of the 
bridge rectifier circuit DBR and smoothing capacitor COL That is, with this 
configuration, full-wave-rectification actuation has been obtained by the bridge 
rectifier circuit DBR in secondary. 

[0052] In addition, in this case, it sets to secondary and is the above-mentioned 
secondary winding N2. He is trying to obtain the secondary output voltage E02 
by full-wave-rectification actuation by connecting rectifier diodes D03 and D04 
and smoothing capacitor C02, as shown in drawing, after looping around 
another secondary-winding N2Aand giving a center tap independently. However, 
a parallel resonance capacitor is not formed to secondary-winding N2A. 
[0053] Drawing 8 is the circuit diagram showing the configuration of the power 
circuit as the 4th modification. As a secondary configuration shown in this 
drawing, it is a secondary winding N2. An end is connected to a secondary 
ground and the other end is the series resonance capacitor Cs 1. It connects to 
the node of the anode of rectifier-diode D01, and the cathode of rectifier-diode 
D02 through series connection. The cathode of rectifier-diode DOI is connected 
with the positive electrode of smoothing capacitor COI, and the anode of 
rectifier-diode D02 is connected to a secondary ground. The negative-electrode 
side of smoothing capacitor COI is connected to a secondary ground. 



[0054] In such a topology, the voltage doubler full wave rectifier circuit which 
consists of the group of [the series resonance capacitor Cs 1, rectifier diodes 
DOI and D02, and smoothing capacitor COI] will be prepared as a result. Here, 
it is the series resonance capacitor Cs 1. Own capacitance and an own 
secondary winding N2 By the leakage inductance component, the series 
resonant circuit corresponding to ON / off actuation of rectifier diodes DOI and 
D02 is formed. That is, the power circuit of the gestalt of this operation takes the 
configuration of the compound resonance form switching converter by which the 
upstream was equipped with the series resonant circuit for making switching 
operation into a current resonance form, and secondary was equipped with the 
series resonant circuit for obtaining voltage doubler full-wave-rectification 
actuation. 

[0055] Here, as voltage doubler full-wave-rectification actuation by the group of 
the above [the series resonance capacitor Cs 1, rectifier diodes DOI and D02, 
and smoothing capacitor COI], it is as follows. It is a primary winding N1 by the 
switching operation of the upstream. When a switching output is obtained, this 
switching output is a secondary winding N2. It is excited. And it sets at the period 
when rectifier-diode DOI becomes off at, and rectifier-diode D02 serves as ON. 
Primary winding N1 Secondary winding N2 It operates in the subtractive-polarity 
mode in which a polarity (mutual-inductance M) is set to -M, and is a secondary 



winding N2. A leakage inductance and series resonance capacitor Cs 1 
According to the series resonance operation to depend It is the series resonance 
capacitor Cs 1 about the rectified current IC 2 which rectified by rectifier-diode 
D02. It receives and the actuation to charge is obtained. And rectifier-diode D02 
becomes off, and rectifier-diode DOI serves as ON, it sets at the period which 
performs rectification actuation, and it is a primary winding N1. Secondary 
winding N2 It becomes the additive polarity mode in_which a polarity 
(mutual-inductance M) is set to +M, and it is a secondary winding N2. It is the 
series-resonance capacitor Cs 1 to the electrical potential difference by which 
induction was carried out. It becomes the actuation to which charge is carried 
out to smoothing capacitor COI in the condition that the series resonance that 
potential is added arises. It sets to smoothing capacitor COI by rectification 
actuation being performed as mentioned above using the mode in both additive 
polarity mode (+M; forward actuation) and subtractive-polarity mode (-M; flyback 
actuation), and is a secondary winding N2. The direct-current output voltage [ / 
the twice / about / of induced voltage ] E01 is obtained. 

[0056] He is trying to obtain secondary direct-current output voltage by 
performing voltage doubler full wave rectification with the gestalt of this 
operation using the condition that a mutual inductance serves as a mode of 
operation of +M and -M according to the above-mentioned configuration. That is, 



in order to supply to coincidence the electromagnetic energy with which the 
current of the upstream depends the object for Shinsaku, and a secondary 
current for Shinsaku at a load side, the power supplied so much to a load side 
will also increase further, and the steep increment in maximum load power will 
be achieved. 

[0057] moreover, obtain level equivalent to the secondary direct-current output 
voltage obtained by for example, the actual size voltage commutation circuit by 
trying to obtain secondary direct-current output voltage by the voltage doubler 
full wave rectifier circuit -- obtaining - then, secondary winding N2 of the gestalt 
of this operation ****** _ it will end with one half of conventional number of turns. 
Reduction of these number of turns leads to the formation of small lightweight of 
the insulating converter transformer PIT, and low cost-ization. In addition, it is a 
secondary winding N2 also in this case. It is a secondary winding N2 
independently. He is trying to generate the direct-current output voltage E02 by 
the full wave rectifier circuit which consists of rectifier diodes D03 and D04 and 
smoothing capacitor C02 being connected, after looping around and grounding 
a center tap to a ground to this secondary-winding N2A. 

[0058] In addition, these people have already proposed the configuration 
equipped with four voltage doubler rectifier circuits using a secondary series 
resonant circuit as a compound resonance form switching converter, and such a 



configuration may also be materialized as a modification of the gestalt of this 
operation. That is, especially as a gestalt of this operation, it is not limited as a 
configuration of a secondary resonance circuit. 

[0059] Moreover, although the configuration which equipped the upstream with 
the self-excitation-type voltage resonance form converter as a compound 
resonance form switching converter is mentioned if it is in the gestalt of the 
above-mentioned implementation, application of this invention is enabled also to 
the power circuit which equipped the upstream with the current resonance form 
converter, for example, and was equipped with juxtaposition or a series resonant 
circuit to secondary. Moreover, though the upstream is equipped with the same 
voltage resonance form converter, this invention is applicable not only to the 
so-called configuration of the single end method equipped with the switching 
element of one stone but the so-called push pull method to which the switching 
element of two stones is made to switch by turns like [ in the case of drawing 1 ], 
for example. 
[0060] 

[Effect of the Invention] He is trying for this invention to acquire the drive current 
of the forward direction for turning on a switching element in the reverse 
recovery time of a diode component by carrying out the series connection of the 
resistance element, and forming a clamping circuit to a diode component, as 



explained above. Therefore, at the time of operational stability, even if it is the 
conditions of low alternating current input voltage in heavy loading, generating of 
unusual switching operation is prevented. Moreover, thereby, it cannot be [ as 
opposed to / at the conditions for example at the time of power-source starting 
etc. / a switching element ] about this stress. Furthermore, generating of the 
noise by the parasitic oscillation at the time of power-source actuation etc. is 
canceled. 

[0061] Moreover, although the thing of original proper capacitance can be 
selected as a secondary parallel resonance capacitor by generating of 
abnormality actuation being canceled as mentioned above, by this, level of the 
upstream resonance current and the secondary resonance current can be made 
small, and improvement in power conversion effectiveness can also be aimed at. 
[0062] Furthermore, the configuration of this invention enables it to aim at 
expansion of the sorting range about reverse recovery time about a clamp diode 
by aiming at expansion of the reverse recovery time of a diode component. 
[0063] Moreover, in the clamping circuit as this invention, if a ferrite bead 
inductor is inserted in juxtaposition to a resistance element, since the small 
ferrite bead inductor of power loss can perform expansion of reverse recovery 
time, for example, it is using a ferrite bead inductor and it becomes possible to 
aim at the fall of the further power loss. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the example of a configuration of the 
power circuit as a gestalt of operation of this invention. 

[Drawing 2] It is the wave form chart showing actuation of the important section 
of the power circuit of the gestalt of this operation. 

[Drawing 3] It is the wave form chart showing actuation of the important section 
of the power circuit of the gestalt of this operation. 

[Drawing 4] It is the circuit diagram showing the example of a configuration of the 
power circuit as the 1st modification. 

[Drawing 5] It is the wave form chart showing actuation of the important section 
of the power circuit as the 1st modification. 

[Drawing 6] It is the circuit diagram showing the example of a configuration of the 
power circuit as the 2nd modification. 

[Drawing 7] It is the circuit diagram showing the example of a configuration of the 
power circuit as the 3rd modification. 

[Drawing 8] It is the circuit diagram showing the example of a configuration of the 



power circuit as the 4th modification. 

[Drawing 9] It is the circuit diagram showing the configuration of the power circuit 
as advanced technology. 

[Drawing 10] It is the sectional view showing the structure of the insulating 
converter transformer of the gestalt of this operation. 

[Drawing 11] It is the explanatory view showing each actuation in case a mutual 
inductance is +M/-M. 

[Drawing 12] It is the wave form chart showing actuation of the important section 
of the power circuit as advanced technology. 

[Drawing 13] It is the wave form chart showing actuation of the important section 
of the power circuit as advanced technology. 
[Description of Notations] 

1 Control Circuit, Ci Smoothing Capacitor, Q1 Switching Element, PIT Insulation 
Converter Transformer, PRT Rectangular Mold Control (Drive) Transformer, Cr 
Upstream Parallel Resonance Capacitor, C2 Secondary Parallel Resonance 
Capacitor, Cs1 Secondary Series Resonance Capacitor, NC Control Winding, 
NB Drive Winding, ND Detection Coil and CB Capacitor for Resonance, DD 
Clamp Diode, RD Resistance, LD Ferrite Bead Inductor 
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[0 0 15] ££?>X\ tem^y*—? h^>7.P I T 

[S]) t«ESK^*-KD0 (D01, D02) CDmffi£<Dm 

^(CckoT, -^»ni ©^y^^yxn 
#liN2 o^y^^yxL2 kflfii-fy^^x 

§ 0 eii i (a) KTjk-r&tmmznzm&ic 
m^yptzyxit+Mtteo, m \ i (b) tc^-r 

§o CM, H9t^f-^ffllJO»f^tc«*SS-a:T** 
i:, HB&fE£VaJ--KDOl. ^mn^^yf-COi] ofi 

»6n«SES«BE^iEffttOi:*k:«E8K^-i'^— FDOI 

x, mwmmzwin^^c tiazzo eh^, conm® 
mxiz, ii-fy^^yx^+M^t- Ftc^DSM 

W)ft*n^Xl^2>$><DX&2>o 

[0016] ztD&stemi&xi^ ~&mcommn\B\ 
micmt>&mf&zn. *n^ftffif«K#«&*n%«* 

7>XPI T(c^tLT*>-y^G^MLTF^O*S^- 
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mm. j; § fltsg-a- 1 l /c c t tc o t , ig tc is* ntras fc 

AWT, «Slt3Vy<— ^ h7>XP I TtcMLT^-V-yy 
[0 0 17] »IHSS 1 T?«, — ^fflflifiSSlffl*«EU^ 

;i/ (EOD (DmticmvT, mmmmtic im-rmmn 
7 y x p r t t^g^n/cll^i n b <D-(y<?5$y 

qi oftto<D&m&wmm®toto<DW&i#&®&<D#m 

m*i$mt-?% 0 cftlt, &KH9K: , rWiJII'rsJ;'5 

[0 0 1 8] CCT% B9K^L;fe.}:3K:LTB»#tt 
NB CD^y^^yXLB *Ria:SiJI|l«lifi©lSSESSiJ© 

ft^wr^TOFF iz—fetxtircsz.x, xytuzmm 

TON*Tq^WM?%>£?lcZnZ>o OSD, C<Z>*MIhI 

pjMta-r s x b kuwft sct-e, >y > y ma 

(PWMW) fcfT^T^SfeOfcJISCfctfa 

tits ccnmttWKmwmftzimmmmm 

[0 0 1 9] El 1 3 ±120 9 te^LfcleJ&CDXf v 
JgHSS (NB , CB ) Tftt, M#*£NB KftetlfeSE 
(e) Kjfrr«fc3fc:, IE&jfttttfa»l5a<19&ftSo 

kdd fribffitizm 13(f) ©«i d t-a-^c^ns 
c tx\ x^vT-y-ym^Qi co^-xiazm 1 3 

(d) K^-TcfcS&^-XlKffi QEKittffi) IB 

TW?n§X-fyfy^fQl ©3U**1BiJSl c 
pfcLTt4, 013 (b) tC^-TiftJgjWfSnSo S 

ft, x-tvT-y-ym^Qi //mmm^y^y^c r 

<OM3?>J»«EI5|B&«>fSfl!Btc tt, MJlJttlSlHlttOff ffl <fc o 
t, 013 (a) te^*-«fc3fctt7U#»»EV c ptffg 
C©M5>J&J8*JEV c p«\ 0©£?fc, X^f 



J*"?*:* SHIM TOFF (Cfc^TIE&^O^l/Xir&S 

So &tz, mmm^y r-'yy-c rtcti, 013 (c) 

tc^-T J; 9 fcLT\ JWHTOFF tefcv>TjE3E»tt©M5U 
I c r tfjgnS, 
[0 0 2 0] llT', X^-y7 c ->^?Ql tfjj-I/fcft 
SJUHHTONfcfcl^T, 013 (e) <Offi?U#tI«iffi I 0 
©lEM^is* 0WHT 1) tt, 013 (d) ©igi&H 
iffilB ©JK?3[Rl/WTX«ij5cD^«SKWlE-rs 0 gift, 

inu^p^TONtcfc^T, wzmmmm i o 

iUc (T2) SEWjfll^ I B ©a*#|Rj^-l'7**MEfc3: 
So &45. COJWHTONtCfettSKKlWiftlB ©$7?fa 

t stg .h&So 

[0021] x^vT-yym^Qi CD^-X-x=-y£ 
Midi, JMlEjfgBfKt r r4Br£$Tg< Lfcfgil©^ 

7y^Vt-KDD «snr^5o x^7fyy 

j£?Ql £^ 7 SETOFF T?t4, 013 (e) IC 

— KDD -^-XMWMnRB -»ftg3yf^C 
B ->|g®j#^NB ^^LTMinSo ^LT^fC, ^P^T 

M^y^y^C r cD»«i^^^-^y>'A-M I 
D £ IT, ^7>Wt-KD'D y^y^fie 1 
Ql ©^-^au^^^Lt»5o C C0*f y 
y/^-m^lID OU^;K4 % 013 (f) KtjVT <fc ? K 
2. 3Ap tftS 0 ±BB^>^-^^W7-rSt, ^ 
7>y^V^— KDD a^HWrat r r«Mi:ft 
So CcD^SflBf^ t r rlCfcl/VCf*. 

-vdd tfmm<DViMic&2> 0 fit, c<75^[H]tiB#r^ 
t r r ic&^xmmmffi. I B A^iPLT, XJyf-y? 
m^Qi **y£?z>r£tf<DWtfim.tfmz>ft%£x^v 

r rj^MteSn^^CiSV^tt, 0 1 3 (d) OKU 
WIB (^-X«^) #IE©«ttfc:K«bTt>, X-T 

> y ^ y q i x &mmc ten%Ltfm&z n 

fti^c46, X-r«y^^y^Ql teffi^cti^Mctift 
?,-r, com, x-r>y^yy^?Qi CD-<-X«^^-< 
jit>\ x-fvT-y-ym^Qi zwmiE&zvic&zis^ 
mz mt s c t x\ ^^-Tsyyt^-yfv 

[0 0 2 2] 

mmtfm&L&sttzmm ccx\ 01 2ica. 

-^fIiJcD3£^iJ«MJ±V c p, ^UtZntftl cp, m 
lli^tlB OiffiSKSntl^o 012 (a) , 

(b) , (c) (Cf4, ^i^A7J«ffiVAC= 6 0 VPS* 
^«X7B#©^T©^W^$n, 012 (d) , 

(e) , (f) JC»43iaL\*«BEVAC=8 0VT?«*ft 
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[0023]ftf, S^A^«±VAC=6 0 V, BAH. 

mmtiwrn^-yx^m^h lt, 012 (a) , 
(b) , (c) K^^mmi^^^y^-mmiznm 

U mfST 4im®mmF3 t r rlc^LT^SOt^ 

a, mi 2 (c) k^-t^sk:, mmnmiB jwwhit 

4 G£®ttl$rBl t r r) ptyefc^T, lEOfiififeKSIEL 
t r r^fCfe^T, X-T'y^y^^Ql icftLXffifi 

fonrnmrnmi* wmtiiz^fitbK., x-cvj-yvm? 

fcfBIl 2 (b) tc^-Tcfc^cLT, jsjht 4ifi^&cQ:3u 
^*1ll^7itI c P KMvxm±mmtLX(Dmmm<o/^ 
x#mu cncifot^ mi 2 (a) <Dm\mmn 
bev c piiLT^f cfc^Cs /^x/^xtfs^rrsgi 
Lxmn%o 

[0 0 2 4] LT> SS8KA*«ffiVAC=8 0VT»«* 

cn«iai2 (f) (c^r*3Jc, MffiT 4 m®wm 

Wtrr) Ftycfc^T, MM IB ftlffiTit 
tiffin U i^lH]^B#|ig t r r^TLT, X^-y^> 
^iR^Ql (c^^TJllM^[S]CDigW^IB A^n*^* 

46, m 1 2 (e) KT^t^u^^nm. I c ptcgg-f § 

/^xoM^ti^-rSo lt\ cn{c#oT, mi 
2 (d) icmznzM&i&mmmv c p<o/wxs>fx 

<DU^;l"<i>A#<&£o 

[0025] ±mLtc^nm^t LxnmMt^mnLx 
tim — ^{iijM?ij«3y-f>t>-c2 ©**/^>* 
mm t ?n§iJ: 0 fc^^^fa^s^-r^ * 5 k u-cv 

mzLx, m9iC7jk-?®ffiicis^x-x%i®N\ i<cffi.n 

[0 0 2 6] cn*T?^feBI9{C^-riHllS©#| 
SfHWT'Sotfc^ 013 (c) ICtjk? 
i9(CLT, -3fc«IM5>J«lfi«aE I c rtCfi^dTONrt 

(omi&mmcis^x , m^mmt Lt©/i , xtfi±L 

ysvixx&zmmmniiv c ptct, /-rx^u 
§0 ii3 (d) 1 b tcoi^T 

fe, s^m toff rtwMft&jHiaKus^^TJfa^flF^fiKijv 

[0 0 2 7] 

mmzmmLxx^ v?-y7mm\s\$&£Lx$i<D£oic 



rc m%t Kti ns. * m m l t tb ±> t x -y ^ > 

U X-f y y gMfc «k D X «v > 

mfe£ir%£?Kisxmx-izn%-$tfiimM®m£, m 

>V<D**/^>Z>X£iz&^XPiM\3lB&%:&i&irZ,- 
, - #(flj ft £ n § »EE jft u T X ^ y ^ > ^ 

[0 0 2 8] ±|B#ljSU:«fcfttf, ^^>y[H|SS^LT 

h*m?icttLx&tt.m=irttm?mffiLxB 

^yfw&mmLx^zp'f*- Fmw&mmmm 
k.we$&<DX\ £<Dm®mmm\*acis\," 
x, Mv*y9n?**v?%tzto<DW5fa<Dmm. 

[0 0 2 9] 

**BS-rs» c©m 1 jc^-r#^86©j&!ffi©*a§iiH]s&fc 

Ltli, X^y^-^^SS^Ql <D^-XfC^M^nTl/^ 

i?nfctMtsn5o an-s, ?7>wt- kdd 
[0030] coj;?*ffifigti5i 1 <Dmm\aim<DX 

^■T»flF«JBtt, ^A^«J±VAC= 1 OOVfl^ft 
[0 0 3 1 ] CCf, ^'Ty^^^fQl OX^yf 

y^mmc^-oxm^n^,, m3 (a) tc^-r-^JM 

5iJ#JS«BEV c p. SO* IH 3 (b) 
IcptLm ftlC0 13 (a), (b) iCj^Lfeift 

[0 0 3 2] COif-&fe, g8&fSJ8ig3ft@S&i:LT©iS 
^iJ±t}gip]gS (NB , CB ) 1»tt, M#^NB (CffSn 

fess#*ffiK «fc o nmmi^n ?ctx\ ^-xmsssy 

ISffiirCRB *^LT, 0 3 (e) (c^-TJ;d^, 
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^(om^mmmk i o t>w z -x-^^^y ym=? q i 

^7 SETOFF Tte, Jl^fa (Hjj®jfMgI/j 

m-zic-py^-fflmtrj;*!, x^^^-y^m^Qi <d^ 

-X-=iUt$*frLT, 03 (f) ^TT^Zote^y 
7?-Ur- F dd (Dry- F £ ^WRiJ 7 - x i: coffee 

ID tLTtt, 5Ap i:&0> Ell 3 

(f) \C7F.Ltc?y^-mffi. I D©K;V2. 3Ap(C 

[0 0 3 3] fLT, ^V/^-^fW^TL/'dlt ^ 
V^V^-FDD (±^|H]«BfHt r r tte^KK CCD 

^OTjsn, ^^y^v^--FDD «?n§j 

•ecO^PESlTfe^^lHlTOIig t r r «Jt8Kt±?£A£*lfc 
flijx.«\ 0 9JC^LfcIa]SS£0 1 fc^Lfc 

-FDD &cj;oTmj£LfcJI£\ 0 9 ^-tralSgTiiiM 
SMtrr^l. 2 ii s ir&ScD^LT, 0 1^ 
Vfc\sl$&TirM®mmr£l t r r#=3 ii s t&£ 0 OS 
0, 111 IK^m^CDZ-ry-fy^jr- FDD 0^011 
Mtrr MSfrtt±tt 1 . 8 /x s ^JttSntg 

[0 0 3 4] 5tcLTXv>:/£V;t- FDD <D 

&®mm3t r r £\Z&-dX. *MMCDB 

Itli, 13 3 (d) tC^-r^tC 1EITOUB *^CD 
fU?^i:£Ci;3:<, ^7>W*- FDD (DMmU 
mrSt r rrtfcfe^T, X^yT-y^mTQl tC^LT 
III^rSjfClgKjlKft I B *ffi.?c ttfvjmicteZe 

[0 0 3 5] C n^C <fc 0 , -^iJM?iJ«Mfft I c r© 

w«ni3 (c) tc^-rfeofc^D, fenmitmcm^ 

Xlt, ffl?3T0m<Dffltfem&T*te, 0. 5Ap U^JMD 

rtcHi 3 ( c ) K^tz^otjim^Mm^^^ j ■<< x 
im£.-?z>£t%:<, c<Dfci6mmmm!±y c picy 

^X'«t§t^o/:ctt^t\ Sfc, S3 (d) 

&c^Tig©jM i b tct, setoff <Dmbm&icts\,^ 

ii3 (d) (c^trc^MtCcfe^y^X^fg^ 

[0 0 3 6] Sfc, 02 (a) , (b) , (c) 0 
2 (d) , (e) , (f) fc, -^ffliJ<DM?'J«lll±V 

c p. nb^tis i c p, i b (Dmimm* 

^-r o £CT\ 0 2 (a) , (b) , (c) KW\ ^ 
A7JlW±VAC = 8 0 V^ftfSAROftff^Sn 
02 (d) , (e) . (f) tc(±Sc^A73»± 

vac= 6 o vTm±&ffimtimcDmm^-$ftr^z> 0 

[0 0 3 7] Z(D&5%:mn.ffiTi&X±)mi±mt%:Z>gk 

fiFTfe^Tt, &m$m2 ( c ) xttm2 (f) fc^-r 



Sit ib ^m©*^^tsc<h^i&^cDT\ mmmm 

IS t r r fc?n»T4rt(^^T, IglfiUMt I B 

^Sfc? Q 1 T* It n-M. L X 7 >y ^ > 9Wfc ft 
F DD OiKlel^rat r r rttCfe^T, jEU^KDBW 

mib ^fisnstc-rsfc, ^j^«'0 2 (b) , 

(e) iC^tuytZmffi.X c pfctt, El 1 2 ( b) , 
(e) EiSLfcaU^WHtl c pO/'TXiiSit 

VcpO/^X;^Xti2 (a) , (d) ic^-TJ;? 

[0 0 3 8] CCfiS, mtfB9K:jSLfc«BH8n? 

t*, 01 zic i:<DmmLrcmnw]i^m 1 3^Lfcy 

DDfCO^TjaSlHlta«PIW t r rOaKWfcfT^Tl/Xtetf, 

[0039] s/c, ^mmmmt ltcdhi nc^Lrc 

SS«OTT% ^-XWSKWIfifiKRB = l □> zi^ffiij 
M3?»J^=i^-r^-9-C2 =0. 0 1 9 \l F ZmfeLtzm 
— ^tt^iffitll =5. 8Ap-p, nlstZWtfi 
I c p = 3 . 3 Ap , ZL'XmPkWMffi, 12=8 Ap-pt 
40, A^/«^P i n= 1 6 6. 5Wtt^S^f#f> 

^*i?5»iJISStaRB =0. 6 8Q, ffitnRD =4. 7 
□ > -^iJM^J^Jgrjyx^^CZ -0. 0 1 4 /x F£ 

= 0. OHfiFt LTOffiii. ~^«!JM^J« 

CD J; 5 ^gp 0 H p^31^Lfc±I-&, ±120 2 & XSm 3 Tift 
W LfcftftsOTTN — 11=4. 7 Ap-p 

, 3U^^«)5tlI cp = 3. OAp-p , Z^J««Jg« 
Sit I 2 =7. 0 Ap-p A7^«7JP i n = 1 6 

5. 5\Nt^o$£mt>mZftrc 0 

[004 0] oSO, B9K^Lfc@!&©*&4:Jfc«L 
T^SScDJfmiTii, -^ffi)J«S«M I 1 Rt>*~^MiJ« 
Sttgl! I 2 o*9SU^UA<«i«iJ*n, IT 1 Wg 

AC=8 0VCDB#^1 5 0WiST'£of;lD£SLt * 

*9fi©ji5l6o@j»"e»— *ffl!iM5>J««3 C 2 It 

jffiEa»W8»fcT*C tT% S^A^)«£EVAC= 8 0 
VT'3 5Wgfi^nt^)l 8 5W{cST*gi^±tf5 
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[004 1 ] m^x. *mmmm(Dmm\Ei3&<Dmm 
i (ommt LxcD^mmmmcommms&^mz^ 

mzz "7 y-fF't y m (Dry-h't —mm t-t. 

hlf-Xf y#^*LD ^M^JfcSWELfcjS^ia 1 

kdd cot y— f fc— x fc^wtcifASftT^ 

7x5^h t£-XV * L D A^7VWt- F 
DD cDigleHtB^ t r r ©tStfcfcEIS «fc 5 til 2n& 0 ft 
*3, 7i7^ ht?-X#V#-FLD ittt«/h£HJ- 

[0 0 4 2] co.fcdftBjSHISSO^-i'yf-^y^fc 

3S^A7u«i±vac= i o o wxmx^mts^co 

*ttTOSJEiffR K f# 6 nrc t CD T* & S . C <Dm& fe 
X-Y -y ?z/?fl& Q 1 fOX^7f> VmmcW n Tf# 6 
n«, 0 5 (a) ©-&flJ©tt?U#Jg«EEVc p, 
0 5 (b) ©3U^^mSSl c ptLTtt, 5t*CKI 1 tc 
^Lfc»fc(ii£|W|«li:ft& 0 £fc % i^J^fiffiKlO 
(±05 (e) lu^-r-fc^ai&^fcftSo ■€" LT> X-Y>y 
^ > Q 1 A^ytftSjfllfflT ON^Mte* ns i: . 
^•yf-^JR? Ql 0^-X-3U^^^Lti5 

(g) fc^-r«fc 5 ft ^^^-*gs id awisctK* 

Stf, :0«ftli*7VW*- FDD <DT J— F 

[0 0 4 3] C<D«fc-5tCLT7x7'l' h tf-X-f 
£LD (c^D^'^-MlD J£&<<?JcffiiiS-r5«fc5fc 

<Dfimi±<DMmmWi t rrtt 0 5 (g) tCTfsTJ; 
5fC3. 5 /i sfc£T*&*SttTg<?-SCfc#nJtefc: 

ft3o 

[0 0 4 4] ccDJ; 7 tc X^XVyyf&k^r— FDD cd 
i^lHlW^ t r r tLT<DfflM%&<-?Z>££fc£-D 
T, MWt r r rttc43tt«BH!ffi&it I B ©«Jgfc 
LT&05 (d) £^±7^ ^cDlgiafcfcSCfctf 
ftl^OT, CcD^t^^>7°^V^-FDD CD&Hft 
B*IHt r r rtfCfel^T, <y ^>y^Ql fCftLT 
Ng^OKfWME I B *»tct«flI(i4feOfc4*. 
[0 0 4 5] SfciRD «rSSftS«Sft I R fi, 0 5 

(f) fc^-ragjgfcftt), COSfixRD fci^T, 05 



( C ) K7rst~m\nmmmmm.\ c rc^t^ft 

tUfctc/^Xtf, 013 (c) l«:;SLfc»£iI»tcJ;3 
y^X£J*^T*MiiJSn§fc#K:, 0 5 (d) (CTjVTJ; 
7(c, MM IB KR^-rstelilbtCiSy^XO 

[0 0 4 6] g=fc, ilSlfOiAAtff^fcftS^tt 

fc?n««-a-©, m4icjn?mm<DW]ft£Lxiz, mz 

0 2 ft^ L ft & CD £ SJ3?ro— ©ffrfl 5 i: ft § /c46, 0^t* 

»^fcM5U#MffiV c pCDy^X^rt/Xfe^Lft^k 
cD£ft?> 0 

[0 0 4 7] CcD£7ft04lC^Ufc1#J&<DTT*{±, ^ 
-XWSKSiJIBSStRB =0. 6 8 0, StaRD =4. 7 
0, 7x7^ht-XV^^LD = 1. 1 fiHZM 
AJlMtlP i n = 1 6 4. 5Wfcl^5*S£# 
5tfcllttWLfeH9K:^-«-@»i:it^T2Weit 

©**a*ofi»^Biffii:ft*. unit, mucmLfc 

ffifciRD E*oTi'7>W*-h'PD 

Klffil c r, St/MMIB tctelg»^«^L 
ftl^cfcdfc LTWcOKttLT, 0 4 {C^-T [BlS§T*a, 
«^«*0'J>S^7x7l' Mf-X-O^*^ LD fcj; 
oti'^^Wt-h-DD ^ffllU^Ht r rCDfciz 

[0 0 4 8] $fc. *HjfiO»»CD«iRigBSfiD-3fcfflafc 

t\ mz-mi <Dmm t LT<D-&m<Dmf&%® 6 ~ 

m8lC7Tst 0 ftfc, cin?>0 6~0 8{c4ol/>T, — ^Cfl9 

cd«(±0 i fci^ai-e^v^fcot^nso s/c, mi, 

[0 0 4 9] H6£tt, iff 2 <Dm&Vl £ LT<D—&m<D 

i*6ti5cfc-p, ^ffliJfctiM^J«SlilK*^fi!c*n 
—*y?*mftc±.x\ mffi.?J*- fdoi, do2, d 

03, D04&t>q z )t3>T : >-9-C01. CO2^r0cDcfc7tcS 
it5Ci:t, [HSI!^*— KD01. D02. 
fy-y-COl] Offlfc, [fifflf^'f*- FD03, D04, ¥ 

m^>f : >-y-co2] cDffl<t(cd;§, 2m(D-£mmm®s& 

tfmfiotlZo W86^>r*-KD01. D02, ¥r&3> 
ir>+>- C 01] ^e>^§«W[Hl8g{±-^MM^tg|Hl 

£3£j£U [SESft^*-FD03, D04, 

+)-co2] fre>f&z±igimmm&*>mm^ -xmmrn 
M®m^mi®zn2>nnmEE*AtiLxmtiiitiitiwm 
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[0 0 5 0] C©.k3S:lt»a*$fcfcEll UC^DSttWL 

xmm n 2 tct# 6 n * £#«ee # iem© t * icsii^ 

-Y^--KD0l (D03) fc«ESiE«Sf[«*SKn«iM^tt^ 0 1 
1 (a) fcLT©+M©»fl*e-F (7*"7-H^) 

WBE^ftattOfcSKSSSK^^-KDOZ (D04) (cH 
SMSS^SSnsiHiffti, Sii (b) ic^Lfc-MOSj 

£ 0 BP -6, C©«BB»T?tt, n^#«K:»6n*SE# 

/-MOt-K T? fftf^-r § C iC * § o 
C00513H7K, S3 t LTcD-^ffiiJc0« 

2 tc^LTZl^:fRiM?iJ«Sn>f ; >+>-C2 tffl|a.6ttS 

T\ Z^ffl|#iWN2 KttLTtt^U 'yS>ffiffi|slKDBRR 

D BMC <fc o T tilSlff^iT f § o 
[0 0 5 2] &:fc\ CC0il-&(C«, -^jffllJtCfe^T, ± 
HB-^#^N2 fctiJfifiLT, fe3 lO<0n^««N2A 

ttmmLT-ty*-* v7*MLrz±r\ mm?**- 

K D03, D 04&. tffi 3 ^f>t C02£igi£> =k ■? fcjg&! 
■TSCilT*, £}£ll»mc£oT-:&{RiJffi;f3ltJIE02 

[0 0 5 3] 0 8fcfc, m4(D^mm£LX<Dmm\B\3&(D 

mtfi*^-twmT*&z>o c ©ate**— ^iia©^*: 

««Ii:?iJ±t|i3>x>-9-C s 1 OK5>J»«*^LT«E 

f d oi © 7 y - k t mm?* *- k d 02© t> 
y— h*o»atjSK:»LTS«E*n*o nffit2V*-FD 
010* y— Fte¥ra3yf*ytf coi^iEfiSfcSJKStt* 

*g*f£n?>o ¥»3^-r>-y-C01Oftlill!lt*— ^fiUT- 
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